Cranial ontogenetic analyses improve our understanding of function from developmental, ecological, and evolutionary perspectives. Akodon montensis is an abundant, omnivorous forest species that occupies many habitat types. We used traditional and geometric morphometric approaches to describe ontogenetic variation in skulls of A. montensis. We tested for sexual dimorphism and described patterns of variation associated with both age and size based on 6 postweaning age classes. We found no evidence for sexual dimorphism. Growth patterns showed an initial narrowing of the braincase, and associated changes in the rostrum as specimens reached adulthood. Older animals had an elongated rostrum and palate. Geometric morphometric analysis revealed allometric variation associated with the basicranium for the entire age series, while traditional morphometric analyses showed allometric variation in the facial component. The patterns found for A. montensis are similar to those of other species of Akodon. We characterize ontogenetic patterns for Akodontines, the second most diverse Sigmodontine tribe, and a model group for studies of shape change in generalist rodents.
1956; Klingenberg 1998) . Descriptions of ontogenetic patterns are important in minimizing the confounded effects of geographic variation or interspecific variation (Myers 1989) . This is especially true for species that show seasonal fluctuations in morphology (Myers 1989) . Failure to account for ontogenetic variation may lead to comparisons of age variants rather than taxonomic units and may consequently produce incorrect taxonomic or ecological patterns. These complications are likely exacerbated in areas with closely related and morphologically similar sympatric species.
Currently, studies of ontogeny in the Sigmodontinae have involved only a small fraction of the 377 species in this group, but have included many tribes and evolutionary lineages: tribe Sigmodontini, Sigmodon fulviventer (Zelditch et al. 1993) , S. alstoni, and S. hispidus (Voss and Marcus 1992) ; tribe Phyllotini, Calomys expulsus (Hingst-Zaher et al. 2000) ; tribe Thomasomini, Rhipidomys mastacalis, R. venezuelae (Voss and Marcus 1992) , and R. latimanus (López-Fuster et al. 2001) ; tribe Oryzomyini, Aegialomys xanthaeolus (Prado and Percequillo 2011) , the genus Zygodontomys (Voss et al. 1990; Voss and Marcus 1992) , Oryzomys capito (presumably Hylaeamys megacephalus) and Oryzomys talamancae (presumably Transandinomys bolivaris- Voss and Marcus 1992) ; tribe Ichthyomyini, Rheomys thomasi (Voss 1988; Voss and Marcus 1992) , and R. mexicanus (Voss and Marcus 1992) ; and tribe Akodontini, Oxymycterus rutilans and Oxymycterus sp. (Voss and Marcus 1992) , the Akodon "boliviensis group," A. toba, A. s. simulator (Myers 1989) , and A. urichi (Voss and Marcus 1992) . The revision of the A. "boliviensis group" evaluated ontogenetic patterns and sexual dimorphism for 5 Akodon species (Myers et al. 1990 ) and the revision of the A. varius group included A. toba and A. s. simulator (Myers 1989) .
The genus Akodon is the most diverse taxon within the tribe Akodontini, which is the second most diverse Neotropical Sigmodontine rodent tribe, behind Oryzomini (D'Elía and Pardiñas 2015) . It is estimated that only 70% of the living species of Akodon have been described formally (Gonçalves et al. 2007 ). This genus tends to include vole-like cursorial forms (D'Elía and Pardiñas 2015) that are widely distributed throughout South America, from Colombia to southern Argentina and Chile (Musser and Carleton 2005) . Akodon montensis is a terrestrial habitat generalist (Püttker et al. 2008; Galiano et al. 2013 ) and an omnivore (Paglia et al. 2012) , with a diet that varies throughout the year (Vieira et al. 2006; Talamoni et al. 2008) . The ecology of A. montensis is poorly known relative to its close relatives A. cursor and A. paranaensis (de la Sancha 2014) , and these species are difficult to differentiate in the field. Akodon montensis is restricted to southeastern Brazil, Misiones Argentina, and eastern Paraguay, inhabiting primarily the Interior Atlantic Forest (IAF) and Araucária Forest (Dalmagro and Vieira 2005; Lima et al. 2010; Galiano et al. 2013; Valdez and D'Elía 2013) ; it occurs in campo, cerradão (Alho 2005) , and ombrophilous forests (Antunes et al. 2010 ), but it is also known from open, savanna-like biomes (Talamoni and Dias 1999; Couto and Talamoni 2005) . Additionally, it has been reported in a variety of agricultural systems and other disturbed habitats, such as eucalyptus plantations and buildings in rural areas (Umetsu and Pardini 2007) .
Morphometric data are an important source of information when trying to understand relationships among evolutionary units. Morphometric techniques make it possible to quantify and compare shape variation within and between groups (Adams et al. 2004) . Traditional morphometric methods (TMMs) have been used to quantify structural differences based on linear measurements via an assortment of multivariate statistical techniques (Marcus 1990; Adams et al. 2004 ). However, this approach provides little information about shape per se, and it is difficult to disentangle size and shape and to visualize shape differences (Adams et al. 2004 ). These methods result in numerical descriptions of shape that may not be inherently intuitive and are difficult to interpret (Zelditch et al. 2012) . Studies of allometry have 2 basic types of data sets: longitudinal or crosssectional. Longitudinal data sets include measurements on each individual in the study, at multiple times during their growth (Klingenberg 1996; Maunz and German 1997) . Cross-sectional data sets are the most common and include many specimens measured at a single stage and thus allometric trajectories are measured from averages of many individuals across the various allometric stages evaluated (Klingenberg 1998) .
Geometric morphometric methods (GMMs) have changed dramatically how morphological information is quantified, using robust tools to detect morphological differences (Muñoz-Muñoz and Perpiñán 2010). GMM methods are based on robust statistical approaches to shape analysis using superimposition of homologous landmarks (Adams et al. 2013) . These approaches simplify the effective visualization and interpretation of shape information, and enable discrimination within and between groups.
Small rodents like A. montensis are ideal for studies of ontogeny because of their abundance and rapid population turnover (Gentile 2000) . Because form and function are related, it is reasonable to assume that to some extent shape reflects niche use. Patterns of ontogenetic shape change should provide information about niche use or the ability to exploit resources. We hypothesize that ontogenetic change in A. montensis will reflect similar shape patterns and ontogeny as other generalist omnivorous rodents. Furthermore, understanding morphological variation in A. montensis can improve our ability to differentiate A. montensis from other cryptic Akodon species like A. cursor and A. paranaensis. Given that quantification of biodiversity involves proper identification of species and abundances of individuals per species (de la Sancha 2014), and that Akodon species tend to be among the most abundant species in forests where they are found (Pardini 2004; de la Sancha 2014) , improved ability to correctly identify Akodon species is valuable for biodiversity, biogeography, landscape ecology, community ecology, and conservation-related questions.
In this study, we address 4 major questions: 1) What are the morphological changes in the cranium of A. montensis associated with postnatal ontogeny? 2) Is there sexual dimorphism in A. montensis? 3) What are the allometric patterns in A. montensis? 4) How do patterns of allometric and developmental variation compare to other Sigmodontines in the genus Akodon using similar niches?
Materials and Methods
In this study, we implemented the cross-sectional approach. We analyzed 133 A. montensis crania (Supplementary Data SD1) representing a robust postnatal ontogenetic series (61 males, 72 females). These specimens were collected in 4 of the largest forest remnants of eastern Paraguay, including Mbaracayú Natural Forest Reserve (MB), San Rafael Managed Resource Reserve (SR), Morombí Natural Private Reserve (MO), and Limoy Biological Reserve (LY; see de la Sancha 2014 for details). Specimens also were collected from 6 forest remnants of various sizes at Reserva Tapyta (TA). All specimens are housed at the mammal collection of the Field Museum of Natural History (FMNH), in Chicago, Illinois or will be deposited at the Colección de Zoología, Facultad de Ciencias Naturales y Exactas (CZ), Universidad Nacional de Asunción, San Lorenzo, Paraguay. Handling and euthanization of all specimens followed Sikes et al. (2016) and methods were approved by the institutional animal care and use committee (IACUC) at Texas Tech University.
Specimens were assigned to 1 of 6 age classes based on molar eruption and tooth wear (Fig. 1A ) beginning with age class 2. Age class 1 was a place holder for future analyses including prenatal specimens. Age class 2 (pooled males and females, n = 3) included specimens with M1 and M2 fully erupted and M3 not present. Age class 3 (n = 8) included juveniles with class 2 characteristics and M3 present, however not completely erupted (Fig. 1A) . Age classes 4 to 7 included specimens with fully erupted M1-M3 with increasing molar wear. Age class 4 (n = 19) included specimens that showed no obvious cusp wear. Age class 5 (n = 20) included individuals with wear on only 1 molar and perhaps slight wear on 2 molars. Age class 6 (n = 13) included specimens with clear wear on 2 or more molars. Age class 7 (n = 9) included specimens with extensive molar wear where the molar cusps were completely indistinguishable (Fig. 1A) .
Morphometric analyses.-We used both traditional (TMM) and geometric (GMM) morphological methods to describe shape variation in an ontogenetic series of crania. Fourteen cranial measurements were taken to the nearest 0.01 mm using digital calipers (Table 1) . Measurements were taken with a stereoscope to ensure consistent use of homologous points. The descriptive utility of these measurements has been established in other studies of ontogeny (Voss 1988; Flores et al. 2015) . In an effort to maintain precision, missing data were estimated using a maximum-likelihood expectation-maximization algorithm (Dempster et al. 1977 ) using a Matlab script created by R. E. Strauss (http://www.faculty.biol.ttu.edu/Strauss/Matlab/ Matlab.htm). This method provides reasonably accurate estimates of missing values (Strauss et al. 2003) , particularly when, as in our study, missing data are few (0.01% missing in our data set).
We used principal component analysis (PCA) of natural logtransformed morphological data using the covariance matrix (PCAlin) in an effort to provide an ordination of the data and a set of orthogonal variables for use in a subsequent multivariate allometry analysis (see below). PCA produces monotonically decreasing eigenvalues, and the first few eigenvectors generally capture most of the variance in the data (Strauss 2010) . PC1 has been proposed as a measure of simple allometry (Jolicoeur 1963) . Importance of PC loadings was determined following Hair et al. (1987) . For our data, loadings > 0.30 and < −0.30 were classified as important and loadings with > 0.50 and < −0.50 as highly important.
We used discriminant function analysis (DFA) to discriminate shapes of age groups and sexes using a log-transformed matrix (DFAlin for TMM) in an effort to evaluate development, by comparing shapes of different age classes. We used nonparametric multivariate analysis of variance (MANOVA) with 10,000 permutations (Ordoñez-Garza et al. 2010) in Matlab function "Dfa" (Strauss 2010 ). This approach differs from a PerMANOVA sensu Anderson (2001) . This analysis was followed up by a size-free DFA (Dos Reis et al. 1990 ) using Matlab function "DfaResids." Thus, we were able to disentangle differences between sexes from those due to size alone.
We used the method of Giannini et al. (2004 Giannini et al. ( , 2010 within program R to evaluate allometry. A PCA of log-transformed data with a jackknife resampling (Giannini et al. 2004 ) that generated confidence intervals (CIs) for the original coefficients was performed. Here, isometry is present when there is deviation of the corresponding eigenvector element from a hypothetical isometric value, calculated as 1/p 0.5 (p = the number of variables). Deviations from this value indicate allometry. Inclusion of the raw loadings within the calculated CIs indicted isometry for that variable, while values more extreme than the CIs indicate positive allometry (above the confidence limit) or negative allometry (below the confidence limit- Giannini et al. 2004 Giannini et al. , 2010 .
Geometric morphometrics.-Crania were digitized using a Konica Minolta DiMAGE Z6 camera using the super-macro function. The camera was mounted on a cop stand, at a fixed distance with the plane of the sensor parallel to the base of the copy stand. Standardization of the distance of the camera from the specimens ensures that warping of the pictures from curvature of the camera lens is standardized. The fixed distance of the lens from specimens established a consistent scale for analyses of size variation. Specimen orientation was standardized by resting the zygomatic arches of each specimens on rubber bands so that each cranium was supported by the same structures, thus minimizing deviations in orientation angles.
Ventral landmarks were digitized using TPSDig2 (Rohlf 2015) . We used 16 landmarks (Table 2) that mirrored the TMM measurements (Fig. 1C) . We placed landmarks on half of the cranium to avoid issues related to symmetry (Cardini 2016) and inflation of error terms. Additionally, because age classes are typically large and samples sizes for some age classes are small, ontogenetic analyses are usually performed only on 1 side (Cardini 2016 ).
Specimens were aligned using a Generalized Procrustes Fit (Adams et al. 2013 ) within program MorphoJ (Klingenberg 2011 ). Subsequently, we performed both a PCA and DFA using the Procrustes coordinates in order to explore patterns of shape variation, and to determine shape differences between age classes. We then compared the GMM PCA (PCAgeo) with that of the TMM (PCAlin) using Spearman correlations. This nonparametric statistic is insensitive to deviations from linearity, normality, and homoscedasticity compared to parametric approaches (McDonald 2008) . Shape differences between age groups and sexes also were assessed using DFA (DFAgeo) on landmarks within MorphoJ. The DFAgeo was followed up with permutation tests (n = 10,000 iterations) to evaluate the null hypothesis of no difference between Procrustes coordinates for age groups and sexes. The DFAgeo also was followed up by a multivariate analysis of covariance Finally, age class 7 is reserved for specimens with considerable and excessive molar wear, cusps are not visible. B) Shows representatives of each age group crania in our allometric series of Akodon montensis. C) Landmark placement associated with Table 2 used for the geometric morphometric analysis. Subsequent pictures show geometric discriminant function analysis (DFA) comparisons of shape changes from age class 2 with the other age classes showing the change in cranium morphology shape as a function of size.
(MANCOVA) (Viscosi and Cardini 2011) to test for differences in allometric trajectory between sexes, in light of the fact that we eliminated sexual dimorphism effects of size on shape (Viscosi and Cardini 2011) . This approach is equivalent to the size-free DFA used on the linear morphometrics. Finally, we performed a Procrustes allometric regression for shape co-variation data comparing the Procrustes coordinate scores against the log-transformed centroid size of specimens using MorphoJ.
results
Linear morphometrics.-The PC1lin and PC2lin accounted for 70.9% and 6.1% of the variation found among all age groups (Fig. 2) . PC1lin was associated strongly with LN, BIF, LIF, and very strongly with BIT, whereas PC2lin was best described by LIF, and very strongly by BIF and BIT (Table 3 ). The linear DFA did not discriminate completely between all age classes, but did show clear discrimination between every other age class (Fig. 2) . DF1 accounted for 88.6% of variation between groups and DF2 accounted for 6.1%. The MANOVA revealed no significant difference between males and females (Wilks' lambda = 0.845, F 14,118 = 1.54, P = 0.105), but showed significant differences between age classes (Wilks' lambda = 0.076, F 70,546.8 = 5.62, P < 0.0001). Pairwise comparison between most age classes were significant (Table 4) , but not between age classes 2 and 3 (Wilks' lambda = 0.388, F 14,3 = 1.57, P = 0.3883), classes 5 and 6 (Wilks' lambda = 0.667, F 14,50 = 1.79, P = 0.0674), and classes 6 and 7 (Wilks' lambda = 0.599, F 14,38 = 1.82, P = 0.0689). Size-free DFA showed no evidence for sexual dimorphism nor did the subsequent MANOVA (Wilks' lambda = 0.863, F 13,119 = 1.45, P = 0.135).
Allometry.-Because we found no sexual dimorphism, we pooled the sexes in our analysis of statistic allometric trajectories. Overall, 11 variables showed significant departure from isometry (Table 5) . Positive allometry was detected in the length of nasals, breadth of incisive foramina, length of incisive foramina, and breadth of incisor tips. Negative allometry was found for breadth of braincase, zygomatic breadth, least interorbital breadth, orbit length, breadth of occipital condyles, breadth of M1, and length of maxillary molars M1 and M2. Condyle-incisive length, breadth of nasals, and breadth of palatal bridge were isometric (Table 5) .
Geometric analysis.-The greatest amount of shape variation was associated with the braincase (Fig. 1C) . PC1geo and PC2geo explained 49.6% and 11.6% of the total variance, respectively (Fig.  3) . PC1geo was very strongly associated with landmark 6, while landmark 9 was important, sensu Hair et al. (1987) . However, landmarks 7, 12, 13, and 15 also were important variables (Table  2 ; Fig. 3 ). PC2geo was loaded most strongly by landmark 6, while landmarks 4, 7, 8, and 16 were important (Supplementary Data SD2). PC1geo demonstrated a shape gradient directly associated with age, with juveniles associated with positive PC1geo values and old adults associated with negative values (Fig. 3) . Age DFAgeo (Fig. 3) showed complete discrimination between and among juvenile classes 2 and 3, and between juvenile classes and adult classes 4-7. There was no clear discrimination among adults, Voss (1988) and Flores et al. (2015) .
Measurement Description
Breadth of braincase (BB) Breadth across the smooth lateral surface of the braincase immediately posterodorsal to the squamosal zygomatic processes.
Breadth of nasal (BN)
The greatest breadth across both nasal bones. Breadth of the incisive foramina (BIF)
The greatest breadth across both incisive foramina. Breadth of the incisor tips (BIT)
Measured across the enameled tips of both upper incisors. Breadth of the occipital condyles (BOC)
The greatest breadth across the dorsal lobes of both occipital condyles. Breadth of the palatal bridge (BPB) Measured between the protocones of first maxillary molars. Breadth of first upper molar (BM1)
Measured across the protocone-paracone cusp pair on the first maxillary molar.
Condylo-incisive length (CIL)
Measured from the greater curvature of an upper incisor to the articular surface of the occipital condyle. Least interorbital breadth (LIB)
The least distance across the frontal bones at the orbital fossae.
Length of nasal (LN)
Greatest length of nasal bones. Length of maxillary molars 1 and 2 (M1-M2)
The occlusal length of the maxillary molar series. Length of incisive foramina (LIF)
The length of one incisive foramen. Orbit length (ORB)
Length from anterolateral corner of frontal bone to intersection of zygomatic process of maxilla with jugal. Zygomatic breadth (ZB)
The greatest breadth across the zygomatic processes. Anterior-most point of the incisive foramen 4
Premaxilla-maxilla suture lateral to incisive foramen 5
Posterior margin of zygomatic plate 6
Posterior-most point of suture between jugal and squamosal 7
Posterior-most point of M3 8
Labial-most point of M1 9
Anterior-most point of M1 10
Posterior-most point of the incisive foramen 11
Posterior-most point of the palate 12
Medial point of the junction between tympanic bullae and Eustachian tube 13
Anterior-most point of the foramen magnum (ventral view) 14
Posterior-most point of the occipital condyle 15
Anterior-most point of junction between upper incisors 16
Anterior-most point of M3
but the youngest adults (class 4) and the oldest adults (classes 6 and 7) were different. Procrustes distances for the ontogenetic series differed significantly for pairwise comparisons of all age groups (P ≤ 0.001) except 2 and 3 (P = 0.093). The MANCOVA did not show evidence of sexual dimorphism (Wilks' lambda = 0.591, F 65,67 = 0.713, P = 0.4613). The first PCA axes for PCAlin and PCAgeo were highly correlated and significant (−0.90 correlation coefficients and P < 0.001).
Geometric morphometric allometric trends.-GMM trends paralleled those of the TMM. Based on geoDFA comparisons, we found that postweaning models for shape change as a function of age showed that most of the shape variation was associated with the braincase. Here, there was general elongation of the braincase from juvenile forms to adults (landmarks 6, 13, and 14), coupled with general elongation, particularly on the posterior end (landmarks 9, 10, and 11) and on the anterior portion (landmarks 1, 2, and 15) of the palate, with a contraction of the breadth of the rostrum (landmark 5). In general, landmarks associated with the molars showed a general constriction (landmarks 7, 8, 9, and 16). However, these are more indicative of the elongation of the braincase and palate than changes in the molars (Fig. 3) .
Allometric trends based on all specimens showed a positive trend in change in shape as a function of size (Fig. 4) that was highly significant (P < 0.0001). Size predicted 45.4% of shape, and total sums of squares (SS) = 0.137, residual SS = 0.075, and predicted SS = 0.062. Specimens are identified by sex (males circles; females triangles) and size according to age group. The smallest-sized shapes represent age class 2 and the largest represent age class 7 with subsequent intermediate sizes. Additionally, open shapes = age class 2, lightest gray = age class 3, gray = age class 4, dark gray = age class 5, heavy dark gray = age class 6, and black = age class 7. Bottom). Measurements (right panel) are described in Table 1 . Results of discriminant function analysis (DFA) for 14 log-transformed linear measurements between age classes 2-7 of A. montensis including both sexes. Age classes are identified with the same characters and colors as females on PCA analysis.
discussion
Sexual dimorphism.-Previous work on Akodon has returned mixed results for the presence of sexual dimorphism. Within A. boliviensis, there is evidence for significant sexual dimorphism (Myers and Patton 1989) . This is true for A. subfuscus populations from Arequipa Department in Peru as well, but not for subfuscus from Cusco and Puno Departments, nor for A. puer lutescens (Myers and Patton 1989) . Analysis of A. varius found no significant cranial sexual dimorphism in any of the populations evaluated, although males tended to be between 0-3% larger than females in most dimensions (Myers 1989) . Both TMM and GMM approaches have revealed sexual dimorphism in A. cursor and A. montensis in Brazil (Geise et al. 2005 ; Astúa et al. 2015) . However, using GMM, Astúa et al. (2015) found that dorsal and lateral views of the skull revealed dimorphism, whereas a ventral view did not.
Neither our TMM nor GMM analyses revealed sexual dimorphism in A. montensis. We propose 2 explanations for why our findings differed from some previous studies. First, as suggested by findings for A. subfuscus, lack of dimorphism in the sample analyzed may be a consequence of geographic variation (Myers et al. 1990 ). Populations in Paraguay represent some of the southernmost and interior-most populations of A. montensis. IAF assemblages differ from coastal assemblages (de la Sancha 2014; de la , and these differences likely reflect habitat differences that ultimately are expressed morphologically at the population level. However, there does not seem to be evidence for interspecific competition between the sexes in forest remnants of Paraguay. It is noteworthy to point out that many of the forest remnants in Paraguay included in our study are among the largest forest remnants in Paraguay. Perhaps in smaller forest remnants, as was observed in Brazil, there is increased competition for resources that results in sexual dimorphism.
A second explanation for why our analysis did not recover evidence for sexual dimorphism in contrast to other groups is that small sample sizes may increase variance, and thus reduce the statistical power of the DFA (Strauss 2010) . A general rule of thumb for DFA is that the number of specimens should be several times the number of variables (Struass 2010). Thus, either small sample sizes or increased number of variables can independently result in discrimination of groups when these are not different (Strauss and Atanassov 2006) . Each landmark represents 2 variables. Thus, a minimum sample size of 40 specimens would be preferred. Significant sexual dimorphism reported by other studies may be a consequence of small sample sizes coupled with too many variables (landmarks). Our sample sizes were sufficient for both the TMM and GMM analyses, and we have confidence in our finding of no sexual dimorphism.
Patterns of ontogeny.-Rodents account for at least 45% of all mammals in South America (Solari et al. 2012 ) and the Sigmodontine rodents (defined as complex-penis Cricetid rodents including Sigmodon, Akodon, Phylotis, and Orzyomys) contain about 85 genera and at least 400 species (D'Elía and Pardiñas 2015) . Akodontini is the second most speciose and widespread tribe within the Sigmodontinae (D'Elía and Pardiñas 2015). In spite of the diversity, ontogenetic patterns have been described for only a fraction of the Sigmodontines, and many of these analyses are based on TMM methods. These studies have used a variety of statistical approaches to quantify ontogenetic or allometric patterns. Often, PCA is used with all age classes of a single taxon. In this context, if most of the variation within a species is due to growth, then PC1 provides a proxy for quantifying allometry (Voss and Marcus 1992) . In this sense, PC1 is a strong size factor, and individual scores indicate a measure of overall body size; character PC1 loadings are proportional to the allometric coefficients with respect to size (Bookstein et al. 1985) . This concept is controversial, and modern approaches have been developed to improve the quantification of allometry via TMM (e.g., Giannini 2004 Giannini , 2010 and GMM (Zeldith et al. 2012) , and these are used in this study. The revision of the Andean A. boliviensis group (Myers et al. 1990) showed that most cranial lengths and external characters seem to grow rapidly and continuously even after sexual maturity. However, variables associated with breadth of the braincase, the orbits, tooth rows, and the hind foot appeared to increase more slowly, while the cranial depth showed no differences (Myers et al. 1990 ). Using PCA, Myers et al. (1990) suggested that qualitatively, the cranium and rostrum become elongated and narrower while the zygomatic plates deepen and distance between zygomatic arches increases. In comparison, Myers' (1989) revision of the mid-elevation and lowland A. varius group found a pattern in which measurements from the anterior portion of the cranium increase faster than those from the posterior portions of the cranium (i.e., the braincase and palate).
Our TMM analyses of ontogenetic variation in A. montensis allowed us to assess individual portions of the crania. Using the criteria of Gianini et al. (2004) to detect positive and negative allometry, we found some variation in individual measurements but an overall pattern of a fast-changing rostrum. Our multivariate ontogenetic analysis (Gannini et al. 2004) suggests that overall cranium size (CIL) and breadth were isometric (BN and BPB) for the entire data set (Table 5 ). This is consistent with findings for other Akodon species (Myers et al. 1990) , where anterior portions of the cranium show positive allometry. However, negative allometry was observed on the posterior portion of the cranium (BB, BOC, BM1), M1M2, and areas along the orbits and zygomatic arches (ORB, LIB, and ZB). Again, this finding is consistent with the ontogenetic patterns described for other Akodon species (Myers 1989; Myers et al. 1990) .
Postnatal development.-The DFAlin revealed that the greatest differences occur in age groups 2 and 3. Beginning at class 4 (adults with fully erupted molars) these differences are diminished, and by age class 5 and older there is little variation in overall shape. There are considerable differences in morphology between the initial "adult" molar age class (class 4) and the oldest specimens (class 6 or 7) that resulted in significant pairwise differences (Fig. 1) . This pattern is apparent in both the TMM and GMM analyses.
Our GMM results were consistent with the patterns revealed by the TMM analysis. An important advantage of GMM is the ease of visualization of overall shape and size differences between groups. Parsons et al. (2015) suggested that mammalian crania are comprised of 3 modules (basicranium, calvarium, and face) that are established embryonically and exhibit varying modes of growth and function throughout ontogeny. Our analyses reflect this modularity for the basicranium and face, but we have no data to allow analysis of the calvarium. It is the basicranium that shows the most change in younger age classes, while the face exhibits the greatest change in adult stages. As in other analyses of Akodon, we found the greatest shape differences associated with the cranium were an elongation of the braincase and the anterior portion of the cranium. In the TMM analysis, the greatest overall differences were associated with the braincase or the bascranial module. Shape variation in the cranium begins midface, near M1 and posterior portions of the incisive foramina, with elongation and narrowing of the midportion of the rostrum.
Our GMM analyses reveal negative allometry of the molar regions that might reflect elongation of the palate and the incisive foramina. In specimens of older individuals, this may include elongation of the braincase. Negative allometry of the molars reflects the conservative size of molars. Once fully erupted, molars no longer change in size. The anterior portion of the incisive foramen seemed to elongate anteriorly, while the posterior portion of the palate elongated posteriorly slightly, potentially indicative of the narrowing and elongation of the rostrum. By age class 4, we see a continued elongation of the snout, the region adjacent to M1 and the palatal foramina begin to expand posteriorly, while the region around the incisors expands anteriorly. We begin to see the elongation and narrowing of the basicranium region. At age class 5, we see a continued narrowing and elongation of the palatal region both anteriorly and more significantly posteriorly. At this point, we also see considerable narrowing and elongation of the basicranial region both Giannini et al. (2004) . Allometric trend describes the general trend per individual cranial measurement including ISO (isomentry), NEG (negative allometry), and POS (positive allometry). anteriorly and posteriorly. By age class 6, we see considerable narrowing and elongation of the basicranial region; the change of the posterior portion of the palate and molar region is minimal, but there is considerable elongation of the anterior portion of the palate. Changes at age class 7 follow the same trajectory as age class 6 but become more extreme. The patterns observed here are consistent with qualitative descriptions of ontogenetic changes in Akodon noted by others (Myers 1989; Myers et al. 1990 ).
Omnivorous generalists.-Work by Vieira et al. (2006) , Talamoni et al. (2008) , and Galetti et al. (2015) demonstrates that Akodon are omnivorous generalists. Akodon montensis shows some morphological characteristics that are typical of omnivores. Akodon montensis has an elongated rostrum, especially in older specimens, and when compared to the shorter and more robust rostrum typical of other omnivores like Rattus spp. However, the rostral elongation is not as extreme as in typical insectivores such as Oxymycterus spp. (Samuels 2009 ). Like other species of Akodon, A. montensis has relatively delicate zygomatic arches compared to other omnivores. However, they do not show the extreme slenderness of zygomatic arches found in true insectivorous rodent species. Comparatively, A. montensis has narrow incisor blades, typical of insectivores that feed on hard-shelled invertebrates (Strait 1993), with moderate crown heights on the cheek teeth (typical of omnivores), in contrast to true insectivores that tend to possess considerably Specimens are identified by sex (males circles; females triangles) and size according to age group. The smallest-sized shapes represent age class 2 and the largest represent age class 7 with subsequent intermediate sizes. Additionally, open shapes = age class 2, lightest gray = age class 3, gray = age class 4, dark gray = age class 5, heavy dark gray = age class 6, and black = age class 7. Bottom) Results of discriminant function analysis (DFA) for 14 log-transformed linear measurements between age classes 2-7 of A. montensis including both sexes. Age classes are identified with the same characters and colors as females on PCA analysis. reduced molars (Samuels 2009 ). While A. montensis has been classified as an insectivore, this species exhibits characters associated with omnivory. We believe our description of ontogenetic shape change by a generalist omnivorous rodent will provide a standard for comparison with other Akodontines and Sigmodontine rodents, and will form the basis for future work of form and function in evolutionary ecology.
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suppleMentary data
Supplementary data are available at Journal of Mammalogy online. Supplementary Data SD1.-List of specimens of Akodon montensis used for ontogenetic analyses. All specimens were collected in various reserves in eastern Paraguay. Locations are listed by reserve, followed by the latitude and longitude (decimal degrees) of each grid where the specimen was collected, followed by the corresponding field ID number. Supplementary Data SD2.-Outlines of the percent variance and loadings of the top 8 geometric morphometric principal component (PC) of 16 Procrustes transformed landmarks of Akodon montensis.
1 Importance of values for loadings are based on the criteria by Hair et al. (1987) , which described PC loadings > 0.30 and < −0.30 as important*, and loading with > 0.50 and < −0.50 as highly important**. Fig. 4. -Allometric trajectory for geometric morphometric analysis using the log centroid size versus regression scores. Age classes are represented with lighter gray for age class 2 progressively to age class 7 in black. This regression shows the general change in shape as a function of size for Akodon montensis.
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